The word of "next generation" connotes somewhat a new start departing from the past and the present. The Microtaze TM with various electrodes using a magnetron oscillator has been well accepted as a microwave dielectric apparatus as a medical surgical device, and proven by many clinical experiments and experiences. The magnetron is within a sphere of "analog" world and economically produced. In the decades, the semiconductor technology of the "digital" world has been rising. And entering into the next generation concept in the "digital" world, we attempt to introduce a microwave dielectric heating device with an automatic regulation system using compound semiconductors.
Introduction
In an attempt of developing a new generation microwave dielectric heating apparatus, our objectives are to bring in: (1) a generator utilizing semiconductors; (2) an automatic regulation system capable of consecutive adjustments; (3) an automatic, consecutive output regulation system; (4) a VSWR indicator; (5) a thermo sensor; (6) a measurement device to detect permittivity, and dielectric loss index in a set period of time; and (7) next generation electrodes.
There are three kinds of microwave oscillating tubes: magnetron, klystron, and gyrostron. All of these are based on the fundamental principle of vacuum tube oscillation. On the other hand, the microwave communication technologies have been dramatically advanced as such in the fields of cellular phones, car-navigation, and so on. Also, the usages of microwaves and milliwaves have been drastically expanded in the satellite communication technologies that have been continuously evolving. These developments are apparently in the "digital" world. It is easily understood that the shift from the "analog" to the "digital" technology has been taken place.
Over more than fifty years, the development of semiconductors has been undertaken aiming at the faster performances and lighter components. And also, the technologies on high performance compound semiconductors have been showing a significant progress: now in the third or fourth generation in the development of GaAs heterozygosis crystal. The most upto-date fifth generation's GaN Device, 200 W output is now on the road. Therefore, we have been witnessing that the old familiar vacuum tubes have been taken over and over by the compound semiconductors. And the days are just around that all family-use microwave ovens will be made of the compound semiconductor, replacing the vacuum tube-made.
Along these rapid progresses, we will need to recognize that the "digital" technologies has been becoming dominant and thus the semiconductor-use oscillator will soon be a mainstream for microwave dielectric heating apparatuses.
Our challenges
Exploration of new concepts? From the world of analog technique to the world of digital technique
Current issues
By a technical advancement such as the barometer (output barometer; Powermeter ML2437A; Anritsu Co. Ltd.), we are now able to measure the microwave output changes by time. Fig. 1 shows the comparison of the microwave output consistencies between the conventional magnetron (Microtaze TM , OT110M) used generation and the semiconductor used generation both under the electric powers of 50 W and 100 W, respectively. Fig. 2 shows the enlarged graph of The energy levels of the conventional magnetron generator (Microtaze TM OT110M and AZM550) were measured, and As noted in Table 1A , B, the difference between the peak and the lowest was huge, which means that the measured VSWR fluctuated in great deal.
When the microwaves of the electric field E level are radiated to the bio-tissue of the permittivity ε, the electric power P L, which converts to heat inside the bio-tissue, is calculated as follows:
Since E 2 equals to the radiated microwave's electric power, the radiated energy is proportion to the microwave electric power, frequency f, and ε' tan δ. This ε' tan δ is an important element, and called "dielectric loss." And it is treated as a criterion of judgment to assess if the bio-tissue is suitable for microwave dielectric heating.
When the microwaves are irradiated to the bio-tissue, the part of it rebounds due to the differences in the permittivity of air and irradiated microwaves. However, the most of it penetrates into the bio-tissue. Nonetheless, the radiated microwaves heat the bio-tissue, and eventually extinct. Thus, it is understandable that the depth of the penetrated microwaves is limited. L indicates this penetration depth and it is calculated as follows:
When the level of electric power density is halved, it is called "halved density." Its calculation is as follows:
Microwave's heating and penetration depth (3) Microwave's heating and penetration depth (1) Microwave's heating and penetration depth (2)
This halved density is proportion to the wavelength and inverse to the frequency. The lower frequency is advantageous to heat deep inside a thick object (or bio-tissue).
Taking the conceptions explained in the above (1) and (2) into consideration, it will be ideal to have a real time measuring system to capture the relative permittivity and dielectric loss index at the time of radiation. And also this system should be able to control automatically the frequency levels suitable for the irradiated object (or bio-tissue). So far, the procedure of the microwave dielectric heating has been explained with the Maxwell equation. As explained, the present situation is that we are not able to measure real time conditions affected by radiation circumstances outside the vacuum tube.
As it is an apparent fact that the microwave permittivity and the dielectric loss index vary on each irradiated object, and change in the process of irradiation, it is superlative to change frequencies and radiated energy levels automatically and continuously in accordance with the purposes. Fig. 4 illustrates the system structure of the automatic control apparatus that would meet the needs explained so far.
The requirements of the automatic control system will probably be met by the technology of the "digital" (semiconductor)
world with ease, which the analog technology has not been successful. As a rapid advancement of computer technologies has made many things possible, it will not be unviable to develop an automatic controlled microwave dielectric heating apparatus. If so, it will be possible to meet the needs said in the Current Issues clause. That is, we will develop a system that automatically and successively control radiating frequencies, energy levels, VSWR levels, temperatures, permittivity, and dielectric loss in the process of time.
As said in the No. 2 in the Current issues clause, the electric discharge occurs between the electrode and the biotissue, and it becomes a cause of carbonization and adherence of coagulated bio-tissue to the electrode. We conducted an experiment in attempt with solving this issue, and found that the temperature suddenly rose when the electrode was inserted 1 mm to 2 mm deep into the bio-tissue. And, we predicted that the electrode's substance thickness might play a key role to prevent this rapid temperature rise, and conducted another
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System structure
Next generation electrode: analysis on coagulated bio-tissue's conditions by various thickness of the electrode's substance coated Standard--TMD-16CBP-1002250 and Configuration: 1.6 mm in diameter, and 250 mm long) was used in this experiment.
We applied various thickness of the substance and frequencies of the electricity to the bio-tissues and observed the conditions of tan areas. Its results are shown in Table 2 . Based on the same frequencies and output options shown in we found that when additional coating in more than 0.8 mm thickness was added, we were able to prevent from an abnormal high temperature.
The egg albumens were pooled in the beaker under adiabatic conditions in 37 °C and thermometers were inserted microwaves, generated by the semiconductor-controlled device as well as the Microtaze TM , were exposed to the egg albumens, and compared its results. The process of coagulations was videotaped (the picture shown in Fig. 7 ). Fig. 8 shows the temperature changes by time and by thermometer's locations. We noticed that a sudden rise on temperature in 2 mm to 4 mm after 20 seconds, and then after dropping, it gradually rose again. During the process, we observed the differences in the patterns of temperature rise between when the VSWR was high and when it was low. This difference would probably come from changes in relative permittivity and dielectric loss index in the egg albumen's coagulations.
In the next experiment, with the same conditions of the previous experiment, the egg albumen was heated for 10 minutes: we kept the electric power at 51.0 W, changed the frequencies, and measured the VSWRs. When the VSWR rose, the microwave frequency changed (output was kept in the same level). As these experiments illustrate, it was evidenced that the VSWR rose due to heating. One of the reasons is that the irradiated bio-tissues were solidified. We can perceive that if we can adjust the frequencies, the VSWR increase will be restrained, and thus an effective heating treatment will probably be secured.
In these experiments, the microwave output was 51.10 W. If, for instance, the electric power rose as high as around 200 W, the VSWR increase became very high, which might be worrisome. Thus, as this, for the condition of high microwave outputs, especially, this type of controlling system in frequency must become necessary.
1. If we are able to develop a next generation microwave dielectric heating apparatus utilizing the semiconductor technologies, we are surely able to have a regulation system of the "digital" world technology. The changes occur in the VSWR, relative permittivity, and dielectric loss indexes, when the temperature and coagulated condition of the irradiated bio-tissues are changed. Hence, if we are able to control these conditions, it will make an efficient microwave dielectric heating possible. Since it is assumed that resonate frequencies would differ depending on irradiated bio-tissues' conditions, it is also possible to obtain an efficient radiating to best fit with bio-tissue qualities by an automatic regulation system. order to prevent the bio-tissues from adhering to the electrode.
By changing the thickness of coated substances, it will be possible to avoid creating tan areas.
(2) The reason why it is possible is that an excessive temperature upturn can be prevented by creating a layer by a substance like Teflon between the electrode and the bio-tissue as an insulator.
(3) By using a thicker Teflon coating as an insulator, it is possible to imbed thermometers, and have an automatic control system by installing an electric-dynamic device like a VSWR measurer.
3. The dielectric heating apparatus for medical usages has been presented in this paper. More than that, the application areas can be expanded not only to the other medical areas such as pathological field (rapid fixation technique), but also to industrial fields, such as in the fields of organic and nonorganic chemicals, ceramics, and food chemicals. For instance, the applications of the next generation heating apparatus will be broadly explored, to heat objects in order to facilitate and/or inhibit organic or non-organic reactions.
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